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SUMMARY 


In this report » the work carried out to Investigate the noise 
reduction characteristics of square, flber-rolnforced, laminated panels 
and Interior panel configurations at the University of Kansas Flight 
Research Laboratory Is presented. In addition, the concept of a 
tuned damper has been Investigated as an application to Increase the 
noise reduction of a panel at Its fundamental resonance frequency. 

The experimental study was carried out on 20 x 20 Inch panels 
In a frequency range of 20 Hz to 5000 Hz. Tests were conducted under 
normal sound Incidence In the KU-FRL Beranek tube acoustic facility. 

The results of the tests with the flber-relnforced, laminated 
panels indicate better low frequency noise reduction characteristics 
for the graphite-epoxy panels than for the Kevlar panels, due to their 
higher stiffness. Variations In thickness caused by the manufacturing 
process have prevented the making of decisive conclusions about the 
influence of the ply orientation. 

Various kinds of Interior panel configurations have been studied. 
Sandwich panels consisting of a foam core and fiberglass facings ex- 
hibit higher sound attenuation characteristics than most of the single 
layer panels tested. Doubling the core thickness of these panels has 
a larger beneficial effect than doubling the thickness of the skin 
layer. Treatments such as carpet, Royalite, and woolen/leather covering 
are generally more effective at higher frequencies due to the addition 
of mass. 

Teats with a tuned ring damper have indicated that it Is possible 
to Increase the damping and noise reduction in a wide range of fre- 
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quenclea around Che fundamental reaonance frequency of a panel. 

Uaing two vlacoelaatlc damping materials, LD~400 and Aquaplaa, a gain 
of 8~9 dB was measured at a weight penalty of about 9% of Che panel 
mass. Howovor, theoretical analyais of this tuned damper concept 
did not predict well the experimental results and needs more study. 

Also some disadvantages of the type of damper used have been discussed. 
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CHAPTER 1 


INTRODUCTION 


This report la a coutluuuLlon of the documentation of the research 
accomplished under continuing NASA Cooperative Agreement NCCI-6, The 
progress of the research accomplished during the period May 1, 1981, 
through September 31, 1981, of the current project year (May 1, 1981 
through April 30, 1982) was included in the previous report, KU-FRL- 
417-17 (Reference 1). 

The present report covers the period from October 1, 1981, through 
February 28, 1982. In the beginning of this period, the nine loud- 
speakers in the noise generation unit of the acoustic facility had to 
be replaced, and extensive testing took place to recalibrate the system. 
It was not possible to obtain test data consistent with tests conducted 
earlier, although the repeatability of tests after the replacement was 
good. As a result, future tests, including those described in this 
report, will be compared only with other tests conducted after the 
replacement . 

The application of fiber-reinforced composite materials, such as 
Graphite-Epoxy and Kevlar, for secondary or primary structures is 
growing in the commercial airplane industry. This trend is also true 
in the general aviation industry but at a slower pace. A remarkable 
exception is the all-composite Learfan. As a response to this 
development, a composite panel program was initiated during this period. 
The effects of some of the parameters that affect noise reduction of 
these panels have been investigated. These are discussed in Chapter 2. 
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Matariala for Che Incarnal covering of the fuaelage frame vary 
from a simple sandwich foam panel to a luxurious panel with upholstery * 

or a carpet covering, depending on the function of the airplane. Ac 
the request of Beech Aircraft Corporation, samples of possible candidates 
for Internal panel configuration have been tested at the KU-FRL acoustic | 

facility. Results of these tests are described In Chapter 3. * 

Increasing the damping characteristics of a structural panel will, I 

among other things, reduce the vibration amplitudes at resonance fre- i 

quencies, with attendant reductions In sound radiation. In general, 
damping treatments consist of covering the entire panel on the inside 
with a layer of a viscoelastic damping material. Highly damped panels, \ 

according to this method, usually involve penalties of weight and ' 1 

complexity. As an alternative the use of a dynamic absorber (also 
called a tuned damper) has been proposed (References 2-3). Chapter 4 
gives an analysis of the damping mechanism of such a tuned damper and i 

reports some teat results for a particular tuned damper configuration. | 
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CHAPTER 2 


FIBER-REINFORCED COMPOSITE PANELS 

2.1 INTRODUCTION 

The use of composite laminated materials, such as graphite-epoxy 
and Kevlar*, Is slowly Increasing In the aviation industry. With the 
noticeable exception of the all-composite (graphite-epoxy) Learfan and 
some of the smaller, home-built planes, appl-*cation of these materials 
has been until now mainly limited to secondary or small primary struc- 
tures. By virtue of their high strength-to-weight ratio and their 
directional dependent properties, fiber-reinforced laminates offer 
the designer the potential to design light-weight, "customized" struc- 
tures with the main stiffness direction in the most desired direction. 
However, the composition of the laminate (i.e., the number and ply 
orientation of the various layers) that would be optimal for a struc- 
tural design may not be optimal for noise control. Involving both 
aspects in the early design process of the laminated panel coul'd avoid 
unnecessary weight penalty, resulting from application of additional 
or a larger amount of sound absorption material for noise control. 

This chapter describes a test program initiated to study the 
noise reduction characteristics of fiber-reinforced composite panels. 
The fiber materials and the ply orientation were chosen to be the 
variables in the test program. 


**Kevlar is a trade name of Dupont for an aramid fiber material in 
combination with an epoxy resin. 
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2.2 DESCRIPTION OF THE PANELS 


Table 2.1 aummarlzoa the variables In the teaca conducted. Six 
panels were made from graphite-epoxy, and five from Kevlar. These 
panels were manufactured by Beech Aircraft Corporation. Details of 
Che manufacturing process as well as Che properties of the material 
are presented in Table 2.2. Each panel has outside dlmenalons of 
20 inches by 20 Inches and consists of three layers of the same thick- 
ness. Each layer, except one, is made of a woven cloth material with 
the two main directions of the fibers perpendicular to each other. 

The only exception is the middle layer of panel 330, which is a uni- 
directional tape of graphite-epoxy. The ply orientation of each panel 
is indicated by the angles between the main fiber direction of each 
layer with the X axis of the panel. A superscript ”u" is used as an 
indication of a unidirectional layer. Three different ply orientations 
were used: (1) main fiber directions along the X-axis, 0-0-0; (2) top 

and bottom layers oriented with main direction along diagonal, middle 
layer along X-axis, 45-0-45; and (3) top and middle layers oriented 
along X-axis and middle layer along diagonal, 0-45-0. In addition, 
in one graphite-epoxy panel (#330) with a ply-orientation of 45-0-45, 
a unidirectional tape was used instead of a woven material for the 
middle layer. Although the total thickness of each panel was specified 
as 0.030 inch, variations in the manufacturing process resulted in 
differences in thickness and in density between the panels. In particu- 
lar, the graphite-epoxy panels appeared to be most susceptible to dif- 
ferences in quality control* In Table 2.1 the measured average thickness 
is indicated for each panel. 
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Table 2.1 DESCRIPTION OP COMPOSITE PANELS 


Panel 

If 

Material 

Orientation Number of 

of Layers Hat Stiffeners 

Thickness 

(in) 

330 Graphite-epoxy 

45 - o “-45 

0 

.038 

331 

ft 

0-0-0 

0 

.049 

332 

tl 

45-0-45 

0 

.030 

333 

tl 

0-45-0 

0 

.040 

334 

ft 

45-0-45 

1 

.029 

335 

If 

45-0-45 

2 

.029 

336 

Kevlar 

0-0-0 

0 

.028 

337 

If 

45-0-45 

0 

.028 

338 

It 

0*45-0 

0 

.030 

339 

If 

45-0-45 

1 

.029 

340 

If 

45-0-45 

2 

.029 

All layers 

consist of woven material, except 

the middle 

layer of 

Panel 330, 

which is a unidirectional tape. 
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Table 2.2 ESTIMATED MATERIAL PROPERTIES OF GRAPHITE-EPOXY 
AND KEVLAR LAMINATES EPOXY 


Graphlta-Epoxv 

material: HEXCEL W 3T282/F593 (cloth) 


cure: 

350V60750 pal 


^11* 

9.73 X 10^ pal 


^22** 

9.10 X 10^ pal 

estimated from Reference 4a 

Gxy: 

3.5 X 10^ psl 


VJ • 

12* 

0.3 


material: 

USP E788-T300 (unidirectional tape) 

cure: 

350V60750 psi 


^ir 

18.0 X 10® pal 


®22* 

3.6 X 10® psi 

estimated from Reference 4b 

Gxy: 

0.96 X 10® psi 


^12 ‘ 

0.3 


Kevxar 



material: 

USP E719/281 (cloth) 


cure: 

250760740 psi 



3^87 X 10® pal 


Ejj: 

3.24 X 10® psi 

estimated from Reference 4b 

Gxy: 

1.45 X 10® psi 


\i * 

12 • 

0.3 
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In addition to the variable ply orientation, two panels of each 
material were stiffened with one or two stiffeners of the hat type. 
Figure 2.1 shows the geometrical properties with a single stif- 
fener. The stiffener la located at the center line of the panel. 

During tho tests, the stiffened panels were oriented in such a 
way that tho direction of tho stiffeners was vertical, l.u. the 
situation shown in Figure 2.1. 
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2 . 3 THEORETICAL ANALYSIS 


fly varying tho ply orientation, It 1b pofjalblo to give the panel 
Ita highest stlffneas In the direction where It la most needed. The 
nolae reduction characterlstlca of a panel at low frequencies la 
mainly dominated by the stlfCneas of tho panel, l.e. the ability of 
the panel to resist bending moments, introduced by the load perpen- 
dicular to the plane of the panel. Also the fundamental resonance 
frequency will be dependent on the panel's stiffness. This section 
attempts to relate the low frequency noise reduction characteristics 
and the natural resonance frequency with the stiffness character- 
istics of the panel, determined by the geometrical properties of tho 
laminate. 

Laminated panels, which are symmetrical about the midplane, do 
not have a coupling between in-plane loads and bending loads, and the 
resistance to bending can be expressed In terms of the elements of the 
"D" matrix in the constitutive equations (Reference 5) : 




Dll 

D12 

D16 


m «» 

‘'x 



■ 

D12 

D22 

D26 

* 


(2.1) 

“xy 


D16 

D26 

D66 


■'xy 



where M , M , and M ■ bending moments 
X y xy 

Dll, D22, D66, 

D12, D16, D26 • orthotropic elastic constants 

k , k , k ■ plate curvatures. 

X y xy 
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Because the aquations of specially orthotropic plates (for which D16 
and D26 - 0) are less complex chan those governing more general 
laminated plates, laminated panels are often assumed to behave as 
such specially orthotropic plates. Iloferenco 6 gives -he natural 
frequency of a rectangular plate for various boundary conditions as: 

^m.n ■ ^ WdIK-^)" + 2(D12 + + d22(^)" (2.2) 

m * a^b*^ 


where: 

a, b ■ dimensions of panel area exposed to sound (18" x 18") 

m ■ mass per unit area of the plana 

n, n ■ modal number 

Dij - orthotropic elastic constants 

■ coefficients describing boundary conditions of each 
side of the panel and modal numbers. 

Reference 6 gives the following approximated values for the coefficients 
the f undeiaental resonence frequency* 


all sides clamped all sides simply supported 

“l " “3 - ^-730 a, - a - ir 


Table 2.3 gives the equations used for the determination of the 
orthotropic elastic constants Dij. Material properties of Kevlar and 
graphite-epoxy laminates were estimated from structural data provided 
by References 4a and 4b and presented in Table 2.2. Appendix A presents 
a listing of the FORTRAN program that was used to compute the elements 
of the D matrix and the resonance frequencies for 


a laminated panel 



Table 2.3 EQUATIONS USED FOR COMPUTATION OF THE D MATRIX 


Sclffnaaa Matrix 


Q 22 ■ ■" 

‘^la ■ ^'21^11 " '’21^22 

- ^xy 

•^16 " "^26 “ ° 


Transformed Stiffness Matrix Q (Material axes rotated about Ancle 6 ) 


■ U1 + U2*COS(20) + U3*COS<49) 
^ ■ U1 - U2*COS(20) + U3*COS(40) 
^ - U4 - U3*COS(40) 

^ - U5 - U3’»'COS(40) 

Qi 6 " -•5*U2*SIN(20) - U3*SIN(40) 
Q 25 “ --.5*U2*3IN(20) + U3*SIN(40) 

where : 


U1 - 1/8(3Q^^ + 3 Q 22 + 2Q3^2 
U2 - 1/2 - Q22) 

U3 - 1/8(Q^^ + Q 22 - 2Q^2 - 
U4 - 1/8(Q^^ + Q 22 + 6Q^2 “ ^^ 66 ^ 
U5 - 1/8(Q^^ + Q 22 - 2Q^2 ^^66^ 


Dij 


^ ‘h /2 h /6 h/ 

y Q^j^Z^dZ *Z3 j +i^*Z^ ] *z^ ] 

-h/2 b Jm J 


h /6 

] 

-h /6 


h /6 

] 

h /6 


(Panel consists of 3 equal thickness layers.) 


(b, m, and t indicate bottom, middle, and top layer, respectively.) 
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with three layers of equal thickness. Table 2.4 presents for each 
(unatiffenod) panel the computed values for the elastic constants 
DIJ and the fundamental resonance frequency based on the estimatod 
values of the material properties. Also Indicatod in paronthoutis 
are the values of DIJ and j if each panel would Imve the same 
thickness of .030" (mass of o.ach panel is proportional Co the change 
In thickness). As can be seen, the agreement between measured and 
computed values of the resonance frequency is poor, at least not 
consistent. Although the measured values for the graphite-epoxy 
panels are within 10 Hz of the calculated values for a panel with 
all of the edges clamped, measured values of the more flexible Kevlar 

panels are much higher than the predicted values for a clamped edge 

condition. The actual boundary conditions of the panel In the KU- 
Beranek tube are not exactly known. Fart of the disagreement may be 
due to the estimated average values of the material properties, used 
in the calculations, and/or to the cavity effect of the Beranek tube 

(Reference 7). This cavity affect will increase the stiffness of the 

panel and therefore increase the fundamental resonance frequency of 
the panel. Due to the variations in thickness, effect of ply orientation 
on the noise reduction cannot be determined directly from the test 
results. When the orthotropic constants Dij are determined for 
laminates with equal thickness, .032", variations between them as a 
result of ply orientation are less pronounced than for the tested panels. 
(See Table 2.4.) 

The higher stiffness characteristics of the graphite-epoxy 
laminates will result in higher noise reduction characteristics than 
comparably sized Kevlar panels. 
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2.4 experiment /vl results 


Noise reduction curves of each conducted test are presented in 
Appendix B. Each panel was tested twice in a random sequence. All 
tests were performed in the KU-FRL Beranek tube. A detailed descrip- 
tion of this acoustic test facility is presented in Reference 8, which 
also shows the general arrangement of the test installation and illus- 
trates in detail the position of the panel in the tube. The tests were 
performed on 20- by 20" panels with an exposed area of 18" x 18" under 
normal sound incidence and room terraperature. All edges of the panel 
were clamped with 25 In-lb torque at the clamping points. Figure 2.2 
gives an example of a typical noise reduction curve of a general 
aviation type specimen tested at the KU-FRL facility. The fundamental 
panel/cavity resonance frequency divides the noise reduction curve 
into two regions; stiffness controlled and mass controlled. In this 
report, the noise reduction characteristics of the panels will be 
interpreted using these two regions. For the interpretation of the 
noise reduction in the high frequency region (500-5000 Hz), a least- 
square-average line will be used to indicate the general trend. In 
the graphical presentation of the results in the next sections, noise 
reduction values at frequencies of 30 and 3000 Hz are used to represent 
the low frequencies (i.e. the stiffness-controlled region) and high 
frequencies (i.e. the mass-controlled region), respectively. The 
choice of these frequencies is rather arbitrary; and for a complete 
view of the characteristics over a wide range of frequencies, the 
original curves presented in Appendix A should be consulted. Table 2.5 

also gives some numerical values for certain frequencies of all the 
tests conducted. 
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Table 2.5 NUMERICAL VALUES OF FIBER— REINFORCED LAMINATED PANEL TESTS 


1 






2.4.1 GRAPHITE-EPOXY PANELS 


Figure 2.3 shows the noise reduction characteristics of four 
unstiffened panels with different ply orientations as a function of 
their (bulk) density. Noise reduction values at frequencies of 30 Hz 
(notched bars) and at 3000 Hz (open bars) are presented, as well as 
the variance between the two identical tests. The influence of repeat- 
ability was most noticeable in the low frequency domain, where the 
effect of differences in clamping and testing conditions is the largest. 

At 3000 Hz the noise reduction of each panel is about 30 dB, 
except panel 322 which has a value of 27.5 dB. No noticeable effect 
of the mass law can be found based on the panel density, but there is 
an increase in noise reduction with increasing thickness. In the low 
frequency region, average noise reduction values range from 7 dB for 
both 45-0-45 panels to 12 dB for the 0-0-0 panel and 16 dB for the 
panel with the 0-45-0 orientation. Because of the variations in 
density and thickness, no strong conclusions can be made about the 
influence of the ply orientation; but both panels, having at least 
two main directions of the fibers parallel to the edges, have signifi- 
cantly higher noise reduction values than the panels with their main 
fiber directions along the diagonals. 

Figure 2.4 shows the noise reduction characteristics of the 
graphite-epoxy panels with respectively 0, 1, and 2 stiffeners. Each 
panel has a 45-0-45 ply orientation with a minimal variance in thick- 
ness. The low frequency noise reduction values show clearly the 
beneficial influence of the stiffeners. At 3000 Hz no influence of 
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the mass can be observed when roasa in the form of the atlffenera ia 
added. Bv comparison, the noise reduction values at 30 and 3000 Hz 
of an aluminum panel with a comparable thickness of 0.032 inch are 
10 and 35 dB. Taking into account the difference in density (.055 
vs .080 Ib/in^), graphite-epoxy panels are at least comparable to or 
batter than aluminum panels at low frequencies. 


2.4.2 KEVLAR PANELS 

Figure 2.5 shows the noise reduction characteristics of the 
unstiffened Kevlar panels having three different ply orientations. 
Compared to the graphite-epoxy panels, the low frequency noise re- 
duction values of the Kevlar laminates are lower due to their lower 
stiffness. Also the repeatability of the tests with Kevlar are 
relatively better. The results at 30 Hz tend to confirm the trend 
observed that panels which have more fibers parallel to the edges 
of the panel have higher noise reduction values than panels with 
the laain fiber direction along the diagonal. However, more tests 
have to be performed to investigate other factors that could have 
an effect. Such factors include the influence of the variance in 
thickness and density, and geometrical properties of the panel (square 
or rectangular) . 

Figure 2.6 presents the noise reduction characteristics of the 
Kevlar panels with 0, 1, and 2 stiffeners, respectively. Again, the 
beneficial effect of the stiffener la observed at low frequencies. 

The addition of one or two stiffeners resulted in a gain of 5 or 14 
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dB, roapectlvely. Addition of one or two stiffeners resulted in a 
slight increase of the noise reduction at high frequencies. 

2.5 CONCLUSIONS AND RECOMMENDATIONS 

The conducted testa have indicated the importance of quality 
control during the manufacturing process of the laminated panels. 
Variations in thickness and density have prevented the isolation 
of the influence of the ply orientation on the noise reduction 
characteristics of laminated panels. Variations in thickness can 
be caused by differences in the manufacturing of the laminates, 
but different ply orientations can also result in thickness vari- 
ations during the lay-up process. The graphite-epoxy panels were 
more susceptible to variations in thickness and density than the 
Kevlar panels. The repeatability of the tests was in general better 
for the Kevlar panels and at higher frequencies. 

Graphite-epoxy panels possess higher noise reduction character- 
istics than Kevlar panels in the low frequency region because of their 
higher stiffness properties. At high frequencies the noise reduction 
characteristics of both materials are comparable. Increasing the 
stiffness of a panel with one or two stiffeners has a beneficial effect 
on the low frequency noise reduction characteristics of a panel. 
Addition of the mass of the stiffeners does not increase noticably 
the noise reduction at higher frequencies for the tested composite 
panels. 
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Coraparod Co an aluminum panel with a thickness of 0.032 Inch, 
graphite-epoxy panels have better noise attenuation charactarlatica 
at low frequencies, while Kevlar panels have poorer such character- 
iatlcs. However, for a true eomparlaon between aluminum and composite 
structures, realistic values of panel Chlckneaaea should be used. 
Actual laminated panels will generally have a larger number of layers 
with more variation in ply orientations. It is recommended to extend 
the study of the influence of ply orientation on a theoretical basis. 
It is also recommended to study the influence of the sound incidence 
angle on the noise reduction characteristics and the composite loss 
factor of these panels. The results of the current tests have indi- 
cated that in preparation for future testa, care must be taken during 
the manufacturing process to produce panels with equal thickness. 
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CHAPTER 3 


INTERIOR P ANEL CONFIGURATIONS 

3.1 INTRODUCTION 


Panel configurations used for covering the fuselage structure 
on the inside vary in density and type of material, depending upon 
the function of the airplane. Typically, inexpensive, light-weight 
materials are used in commercially oriented general aviation airplanes; 
but more luxurious materials such as carpet are also used in business 
and executive-type airplanes. 

Besides having a function of decoration, the internal wall is 
often part of a double wall structure and can be used as part of the 
treatment to reduce externally generated noise. Interior panel con- 
figurations consist in general cf a base material and a covering. 

In this chapter the noise reduction characteristics of a number of 
possible candidate materials and treatments are determined. The 
panels were provided by the Beech Aircraft Corporation, who also 
determined the type of materials and treatments to be tested. 

3 ‘2 DESCRIPTION OF THE PANELS 

Table 3.1 presents a listing of the panels tested. All panels 
were 20" x 20" in size, and except for the panels treated with carpet 
each treated panel was completely covered with one or two layers of 

different material. Panels 313, 319, and 343 had only their exposed 
area (18" x 18") covered with carpet. 
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Tabl« 3.1 DESCRimON OF INTERIOR FANEI. CONFI,1URATION.1 


Panel Panel Material 

(Grouj) I) 


311 

open .025" 

Aluminum 

312 

45Z open .025" 

Aluminum 

313 

452 open .025" 

Aluminum 


(Group II) 


315 

.25" K.lege-Cell 
with 1 layer of 
fiberglass both 

type 75 
type A 
sides 

316 

(i^ame as above) 


317 

.125" Klege-Cell type 75 
with 1 layer of type A 
fiberglass both sides 

318 

(same as above) 


319 

(same as above) 


320 

(same as above) 



Treatment 

• 5' Iquid + leather covering 
carpet 


•125 neoprene + woolen coveting 

.020" Royalite covering 
carpet 

•5" foam + leather covering 


(Group III) 

.25" Rohacell, grade 51 
with 1 layer of 120 phenolic 
pre-preg akin both sides 


325 

347 


341 


(same aa abova) ,125" naoprana + woolan aovarlng 

*25" Rohacell, grade 51 ___ 

with 2 layers of 120 pheno~ 
lie pre-preg skin both 
sides 

.125" Rohacell, grade 51 
with 1 layer of 120 phenolic 
pre-preg skin both .sides 
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Tab, la 3.1 DESCRIPTION OP INTERIOR PANEL CONFIGURATIONS, continued 

Panel Panel Material Treatment 

342 .125" Rohecaii, grade 51 
with 1 layer of 120 phenolic 
pre.-preg akin both aldoa 

343 (some aa above) carpet 

344 (aame as above) ,25" neoprene + leather covering 

(Group IV) 


321 

.032" Aluminum 

Klege~Flex type 45 



322 

(same as above) 

SJ 2052x1005 damping ^ 

treatment 

345 

two . 032" Aluminum panels 

2 rectangular cutouts 

In one 

sheet 


bonded together 




346 

(same as above) 

4 rectangular cutouts 

In one 

sheet 


(Group V) 




314 

.090" Lexan 

— 



326 

.25" Orcofllm blanket 





The first group of panels Is composed of a standard aluminum 
panel, perforated with holes for an amount of A3% of the area, and 
two different typos of treatment. The second group consists of a 
sandwich panel with four different treatments. The sandwich panel 
is composed of a Klege-Cell type foam core and fiberglass as the 
skin material. Two thicknesses were used for the core. The third 
group consists of sandwich panels composed of a Rohacell type foam 
core and phenolic pre-preg skin. Two different core thicknesses and 
four different treatments were used. Also one panel was tested with 
two layers of skin material on both aides, panel #347. The fourth 
group consists of a standard aluminum panel with a thickness of 
0.032" with, respectively, a sound absorbing material, Klege-Flex 
type 45, and a damping treatment material, SJ 2052x1005. The last 
two configurations in this group consist of two .032" aluminum panels 
bonded together. Panel #345 has two rectangular cutouts, while 
panel #346 has four rectangular cutouts in one sheet. Figure 3.1 
shows the layout of these panels. It can be noted that, unlike the 
sandwich panels, the bonded aluminum panels are not limited to use 
in internal wall configurations but are, in practice, normally used 
as the main skin. Nevertheless, these panels were included in this 
investigation. The last group consists of 2 panels composed of dif- 
ferent kinds of materials: a .09" Lexan panel and a thermal blanket 

contained in a bag of Orcofilm. Because of the flexibility of the 
thermal blanket, for the test this material was clamped between two 
steel frames. The area exposed to the direction of the sound was 

16" X 16". 
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3.3 RESULTS 


Appendix C presents the noise reduction curves for each panel 
tested. All of the panels were tested twice within the test period 
In a random sequence. The repeatability was In general good, espe- 
cially in the high frequency domain. The variance between two iden- 
tical tests was within 2 or 3 dB, except for five panels (#312, 323, 
343, 344 and 346). Normal test procedures were used, and all the 
tests were carried out at room temperature. 

Bar graphs were made, presenting values of noise reduction at 
two frequencies. The same comments which were made in Chapter 2 
about the choice of the frequencies represented are valid for these 
tests. Numerical results are presented in Table 3.2 for each panel 
tested. 

Group I; Perforated Panels 

Figure 3.2 shows the noise reduction characteristics of a 
standard perforated aluminum panel with two different treatments. 

Noise reduction values of frequencies of 30 Hz and 3000 Hz are 
described, as well as the variance between two identical tests. 

The values are plotted as a function of the surface density, which 
is a common parameter used in theoretical analysis of double-wall 
structures. As expected, the noise reduction of a perforated panel 
is minimal. When this panel is combined with a half-inch thick 
covering of foam and leather, noise reduction is increased. Attaching 
a half-inch thick carpet will increase the surface density of the panel 
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Table 3.2 NUMERICAL VALUES OF INTERIOR PANEL CONFIGURATIONS 


Panel 

ID 

Panel 

Material 

Treatment^- 

Noise 
30 Hzl 

Reduction 
3000 Hz> 

Fr 
■ Hz 

Group I 

311 

45X open Aluminum 


0.5 

0.0 

102 

312 

(same as above) 

12 

7.8 

35.8 

41 

313 

(same as above) 

2 

2.2 

18.6 

100 

Group II 

315 

.25" Klege-Cell type 75 
+ 1 layer fiberglass 
on both sides 


19.3 

21.6 

16 

316 

(same as above) 

3 

20.6 

29.9 

71 

317 

.125" Klege**Cell type 75 
+1 layer fiberglass 
on both sides 


9.6 

22.2 

114 

318 

(same as above) 

4 

8.7 

27.7 

71 

319 

(same as above) 

2 

8.0 

42.1 

45 

320 

(same as above) 

1 

12.9 

34.6 

67 

Group III 

323 

•25” Rohacell + 1 layer 
of 120 phenolic pre-preg 
skin on both sides 


18.7 

19.1 

160 

325 

(same as above) 

3 

19.5 

27.1 

120 

347 

•25” Rohacell + 2 layers 
of 120 phenolic pre-preg 
skin on both sides 


22.55 

23.19 

168 

341 

•125” Rohacell + 1 layer 
of 120 phenolic pre-preg 
skin on both sides 


8.59 

25.16 

70-78 

342 

(same as above) 

4 

10.42 

25.50 

77 

343 

(same as above) 

1 

9.51 

39.97 

76-78 

344 

(same as above) 

9 

10.63 

34.20 

72-78 

Group IV 

321 

.032" Aluminum 

5 

10.6 

34.8 

57 

322 

(same as above) 

6 

3.7 

38.1 

40 


^ and 2: See explanatory footnotes at conclusion of Table 3.2. 
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Table 3.2 N^JMERICAL VALUES 


OF INTERtOR PABRi CONFIGURATIONS, continued 


Panel 

ID 

Panel 

Material 

Treatment'- 

30 Hal 

3000 Hal 

Fr 

Ha 

345 

two .032" Aluminum panels 
bonded together 

7 

12.01 

34.27 

66 

346 

Group V 

(same as above) 

8 

13.87 

37.45 

62-64 

314 

326 

.090" Lexan 
Orcofllm 


3.9 

14.0 

37.8 

9.5 

42 

44 



1 ■ carpet 

2 ■ .5" foam + leather covering 

3 ■ .125" neoprene + woolen 

covering 

4 » Royalite 

5 ■ Klege-Flex type 45 


6 ■ SJ 2025x1005 damping material 

7 ■ two rectangular cutouts 

8 - four rectangular cutouts 

9 ■ .25" neoprene + leather 

covering 
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but will decrease the noise reduction characteristics relative to the 
foam and leather covering. Carpet has an open cell structure resulting 
in a lower noise reduction than with a more closed structure of leather 
cover and foam with sound absorbing characteristics. 

Group II; Sandwich Panels with a Klege-Cell Core 

This group consisted of a sandwich panel made from 2 layers of 
fiberglass and a core of Klege-Cell type 75 foam. Two core thick- 
nesses were used: a 0.25 inch (panel //315) and a 0.125 inch (panel 

/m?). Results are presented in Figure 3.3. Although panel //3. 5 

has a higher stiffness and a correspondingly higher noise reduction 
value of 30 Hz than panel //317 with a core size half the thickness, 
the increase in mass does not result in a higher noise reduction value 
at 3000 Hz in the mass-controlled frequency region. 

Covering a sandwich panel with a 0.125 inch neoprene and woolen 
covering (panel #316) Increases the high frequency noise reduction at 
3000 Hz with about 8 dB, compared to the bare panel (#315), but does 
not have a noticeable effect on the low frequency noise reduction char- 
acteristics (about 1 dB). Treating the base sandwich panel with a 
Royalite covering (panel #318) or with a carpet (panel #319) does not 
increase the low frequency noise reduction at 30 Hz; but due to the 
increased mass, a higher value at 3000 Hz is obtained. When the panel 
was covered with foam and a leather covering (panel #320), low fre- 
quency noise reduction was increased about 3 dB, while at 3000 Hz the 
noise reduction gain amounted to 12 dB. 
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§ material 

30 Hz 315 -ZS" Klege-Cell type 75 with 1 layer 

, of type A fiberglass both sides 
3000 Hz 316 (same as above) .125 


Q 



Figure 3.3 Noise Reduction Chat acteif sties of Interior Panel 
Configurations, Croup II 
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Group III; Sandwich Panala with a Rohacall Core 


This group la compoaod of seven sandwich panulo consist Ing of a 
RohacolX type core and a phenolic prc-preg skin material. Rohacell 
la a typo of foam with a density of 3.1 Ih/ft and la applied in two 
thicknoaaes; .125" (panels //341 through //344) and .25" (panda //323, 

325 and 347). Figure 3.4 presents the noise reduction values at 30 
and 3000 Hz for each panel in this group. Doubling the thickness of 
the core resulted in an average gain of 10 dB at 30 Hz, while at 
high frequencies a slight drop in noise reduction was experienced 
(#323 and #341). When tw® layers of skin material are applied, as 
in the case of panel #347, the stiffness of the panel will increase, 
corresponding with an average increase of about 4 dB in the stiffness- 
controlled frequency domain. When one-eighth inch neoprene combined 
with a woolen covering is applied to panel #323 with a .25" core, the 
average value of noise reduction at 30 Hz is slightly increased (.8 dB) , 
and the high frequency noise reduction at 3000 Hz is increased by 
about 8 dB (panel #325). 

When the basic sandwich panel is treated with Royallte, carpet 
or a combination of neoprene and a leather covering, a minimal gain 
in the stiffness-controlled region is measured. At high frequencies 
in the mass-controlled region, a large increase in noise reduction is 
observed due to the Increase of mass. 
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Figure 3.4 Noise Reduction Characteristics of Interior Panel 
Configurations, Group III 
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Group IV! Alutnlnutn Panels 


Figure 3.3 ahowa the reaulta of teata with two 0.032 inch 
aluminum panels, one with a foam material, Klege-Flox type 45 
(panel //321) and the other covered with a "constrained" damping 
material, SJ 2023x1005. The layer density of the panel covered 
with damping tape results in a higher noise reduction value at 
3000 Hz, but there is no influence of a possible stiffening effect 
of the damping tape on the low frequency noise reduction character- 
istics. Panels 345 and 346 are composed of two aluminum sheets 
bonded together with two and four rectangular cutouts in one sheet, 
respectively. Panel 346 has a larger stiffness in the width direction 
than the panels with only two cutouts due to the acting doubler in 
the center of the panel. Figure 3.5 shows that at low frequencies 
(30 Hz) the resulting average gain in noise reduction amounted to 
almost 2 dB. 

Group IV; Miscellaneous 

Figure 3.6 shows the noise reduction characteristics at 30 Hz 
and at 3000 Hz for two panels of different kinds of materials. 

Panel 314 is made from 0.090 inch Lexan and has a low stiffness. 

At 30 Hz, Lexan has a low noise reduction value of about 4 dB, and 
at 3000 Hz it has a noise reduction of about 38 dB. 

Panel /;»326 consists of fiberglass thermal blanket, 0.5 inch 
thick, contained in a bag of Orcofilm. The noise reduction values 
at 30 Hz and 3000 Hz were, respectively, 1.5 dB and 9.5 dB. 
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mataripj. Bonding a standard alurainum panel with another ahaat 
with two or four rectangular cutouts Increased noise reduction 
at low and high fraquonctos. The relatively stiffcr panel with 
four cutouts also resulted In a higher noise reduction at low 
frequencies. 

Due to their low stiffness, the Loxan panel and the Orcofllm 
thermal blanket appeared to hove low noise reduction characteristics 
in the stiffness-controlled region. The thermal blanket also had 
low noise reduction characteristics, at higher frequencies. 
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3.4 GQHCmSIQNS 


A large number of panels have been taated to study the noise 
reduction characteristics of various types of materials and treatments 
for possible use in Internal panel configurations. Also some panels 
composed of aluminum sheets have been Included in this teat aeries. 

The moat effective panels in relation to their noise reduction 
characteristics were the sandwich panels composed of a foam core and 
a fiberglass or phenolic type skin material. Doubling the core 
thickness amounted to a larger gain in noise reduction in the 
stiffness-controlled region than the gain due to doubling the skin 
thickness. Treating the panel with Royallte, carpet, or a combination 
of foam and leather/woolen covering did not noticeably affect low 
frequency noise reduction characteristics but had a beneficial effect 
at higher frequencies due to the addition of mass. Comparison of the 
two types of core material indicated an equal or a little higher noise 
reduction for the sandwich panels with Klege-Cell as core material 
than the panels with a Rohacell core. 

Perforated aluminum panels have, as expected, minimal sound 
attenuation characteristics. When they are treated with a foam and 
leather covering or with carpet, the overall level of noise reduction 
is raised~in particular in the mass-controlled region. 

Covering a standard aluminum panel with a damping material 
resulted in a noise reduction gain at high frequencies, but the con- 
straining damping layer did not increase noise reduction in the 
stiffness-controlled region compared to the panel with sound absorbing 


CHAPTER 4 

THE TUNED DAMPER CONCEPT 


4.1 introduction 

Sound-tranamiaaion charactariatlcs of atructurea are determined 
by three structural propertiea, namely: mass, stiffneaa, and damping. 

Damping is defined as the conversion of ordered mechanical energy in 
a structure into thermal energy. Increasing the panel damping will 
primarily (1) reduce the vibration amplitudes at resonances with 
attendant reductions in stresses and sound radiation, (2) lead to a 
more rapid decay of free vibrations and to corresponding reductions 
of noise generated by repetitive Impacts at the panel, (3) increase 
sound isolation of the panel above its critical frequency, and (4) 
reduce transmission of vibrational energy (Reference 8) . The most 
widely used way to increase the damping of a panel consists of cover- 
ing the entire backside with a constrained viscoelastic layer. 
Unfortunately, highly damped panels usually involve penalties of weight 
accordingly. Little attention, however, has been paid to partial appli- 
cation of damping material or the use of dynamic absorption as a way 
to increase the damping properties of the panel (Reference 8). This 
chapter deals with the application of a viscoelastic, tuned damper 
to an aircraft panel. This particular damper consists of a mass at- 
tached to the panel by a viscoelastic link. The properties of this 
damper represented by the spring stiffness constant and a damping 
ratio have been chosen to optimize the damping at the frequency of 
the panel corresponding to the place of maximum vibration. 
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A theoretical method of predicting optimum damper properties 
la given and compared to experimental results. 


4.2 THEORETICAL ANALYSIS 
4.2.1 INTRODUCTION 


The damper~panel system can be modeled as shown In Figure 4.1. 

The system consists of an effective vibrating panel area with mass M’ 

and complex equivalent panel stiffness EJ, and a viscoelastic damper 

with stiffness and mass M2. The complex stiffness E* Is defined 

as E(1 + jSg), where E is the Young's Modulus of the material and 6 
“ E 

Is the damping ratio of the material. 6^ is also called the damping 
or loss factor. In the case of a viscoelastic material, E§ and the 
damping ratio are dependent on the frequency as indicated by the 
subscript w. This frequency dependence is the reason that this system 
cannot be treated as a simple spring-mass-damper system. In the fol- 
lowing analysis, the damping ratio of the panel itself is assumed to 
be negligible (about 10 ^ for aluminum. Reference 10) . 

Transmlsslblllty , T, is used as a measure of the damper effec- 
tiveness. Transmissibility is defined as the magnitude of the dis- 
placement ratio and can be expressed in general form as (Ref- 

erence 9) : 


T - 





(4.1) 


where : 
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VIBRATING PART 
OF PANEL 



Figure 4.1 Idealized Picture of a Dynamic Absorber 



Figure 4.2 Transmiasibility of a Dynamic Absorber with 
Zero and Infinite Absorber Damping, 
Reference 9 
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(4.3) 


^D ■ 

«2E„ - lamping ratio of dampar at angular fra, annoy » 
° " “o ' fra5ue^fy‘"'’“' "> “yatam natural 


x*lo 

‘"o " f® natural frequency, where E is th 

modulus value at that frequency 


0) 


“■“o' St“ral°'f«“S:ncr'“”' 

. /^2^2a n 

a ^ M2 ^ * damper natural frequency 
M - — M' . 

M' + M2 aaraper mass ratio 


(4.4) 

(4.5) 


tnreJulvaSnr ”°dalaa 

respectively (RefeJencI damper, 


The choice of suitable values 

'^2Eu) an important factor in 
mance. 


for w^~and therefore for n~and 
achieving optimum damper perfor- 


4.2.2 DETERMINATION OF OPTIMUM TUNING AND DAMPING 

Expraaslons for optlnun dampar tuning and danplng nay ta obtained 

in tlosad fom fron tha alnpllflad equation derived fron general trans- 
mlsslbillty equations (4.1) - (4.5): 


Mi; 




2Ein' 


where: 


a.os -a^(a. <4.6) 


“ ■ Wh,. 


When hhe denpie, ratio of the dooper 

arSd, the treoenleelhlUtP e,„etloe (4.e, reduces to the trenecle- 
albility of the undamped simple system: 


T ■ ± 


1-^2 


(4.7) 


«h« Is sero, the trensmls.lbluty .,„etlon sl..pUfl.s to the 
form; 


— ^ 2) 

(ufi‘*a - fi2(Q ^ J^2) ^ J^2j 


(4.8) 


These expressions for T vary vrl^h ^^,.o fr 

y • -h the frequency ratio Q in the 

manner shown in Figure 4 2 rv,^ ^ 

sure 4.2. The two curves intersect at values of 

the frequency ratio equal to and o 

A ^3‘ The transmlsslbllity of the 

undamped absorber has a minimum value at the fran 

«xue at the frequency to which the 

damper is tuned (a » i anH n » / 

' i > and n*U)//ii ai1\ ffri 

a'"o Compensating" resonant 

peaks are introduced on each side of this ra»-t 

t this region of attenuation or 

trough. For any value of the da«....( a 

Che damping factor m the rang. 

2E„ < the tranamlsslblllty of the dynamic absorber will lie 

between Che two curves shown In Figure 4 2 and <1-, 

figure 4.2 and will possess either 

one maximum within the fluency range and ^3 or two maxima outside 

3 range. At .1^ and 1,3 the transmlsslbllity becomes Independent 
of th6 vslue of 

2 E(d’ every transmissibillty curve wilx pass 

through the so-called "fixed" a 

fixed points A and B. The tuned damper is 
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iald to be moat favorably tuned and damped when the two maximum 

valuea of tranamlsalblXlty outside the frequency range ft. and ft 

A B 

are equal, because this common value will be exceeded If the damper 

Is tuned or damped any differently. In the classical theory It Is 

assumed that the maximum values of T actually occur at ft and ft 

A B 

The parameter n is then chosen in such way that T. and T„ become 

A B 

equal, and is chosen so that the maximum of the transmisslbility 

curve takes the values and T^. This will occur according to 
Equation 4.7 when: 


ij| + !!| . 2 


(4.9) 


Determination of the optimum value of 622 ^ is algebraically 
tedious. Snowdon (Reference 9) derives the following equations for 
the optimum values of n (n^) and (S2eJo‘ 


n - pfil l + u) ,l /2 
o + 3p J 


(4.10) 


<*2eJo ■ 7^ <11 + + 11 + ('"ID 


where : 


‘ 10 ' ((!^ - 1 ) 


; is a correction factor used by Snowdon to achieve equal values 

of maximum transmlssiblllty. In the deviation of n and («,„ ) bv 

0 ' 2Ew'o ^ 


Snowdon* it was assumed that the modulus E 2 ^^ varies as: 

E,j u) 

2 a _ a 


(4.12) 
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and that the damping ratio ia a constant. The latter assumption 
of a damping ratio Independent on the frequency 1s not exact, but it 
1s almost true for materials with a high damping ratio in the frequency 
range of interest. 

The values of and fig are given by Snowdon as: 

^ ± ^ (4.13) 


In summary, the optimum damping and tuning factors can be computed 
as follows. 

For a given panel with mass ratio u, the values of fi^ and fig 
may be found from Equation (4.13). The optimum tuning parameters 
n^ and (‘^2 Eu^o found using Equations (4.10) and (4.11), respec- 

tively. The optimum damper equivalev.t stiffness K2 may be found by: 

K2 - E2^‘k2 - o)2m2 (4.14) 

where : 

“a " "o‘"o 

0 M' + M2 

A K2 

k 2 ■ equivalent damper stiffness ■ (|j) (1 + SS) ■ — 

*^2u) 

A, L, 8, and S are derived from Reference 11 and are related to 
the conversion of the damper modulus to an equivalent stiffness 
constant, is fixed by the system. The optimum value for the 
damping ratio by the damper ('^2 Ew^o found by Equation (4.11). 


where : 


f l 3u ,1/2 

4(l + w)^ 




1 " u g/2 


2(1 + y) 


]• 
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Figure 4.3 shows the relationship between mass ratio and optimum 
values of damping ratio, damper stiffness and transmlsslblllty for a 
0.032" aluminum panel with the damper tuned to the fundamental resonance 
frequency. It can be seen that as the mass ratio decreases (l.e., the 
damper mass Increases), the required optimum value of the damper stiff- 
ness will first reach a maximum after which it decreases. To obtain a 
low value in the transmlsslblllty, a high damping factor of the damper 
material is desired as a low value of the mass ratio (or a high damper 
mass) . 

In practice, the damping factor of the damping material will be 
the limiting factor. For example, when a damper is made from Aquaplas — 
a damping material with a damping factor of .43 at room temperature— 
the corresponding optimum values of y, K2, and T can be determined 
by the graphical construction shown in Figure 4.3. Values of the 
damping factor are temperature and frequency dependent, while damping 
stiffness and damper mass can be adjusted more easily. 

4.2.3 DETERMINATION OF PANEL EQUIVALENT STIFFNESS AND MASS 

In the last two sections, the panel equivalent stiffness, K* , 

and panel equivalent mass, M' , were mentioned; and they will now 

be derived. A square panel with length a, thickness h, stiffness E, 

and clamped edge conditions will be used. According to Reference 10, 

the deflection at the center of this panel due to uniform pressure P is: 

o 

P-a** 

df. - 0.013 -2-- (4.15) 

Eh^ 

Assuming the equivalent force to be 

Fp - 
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4.3 Optimum Theoretical Damping Parameters for 
an 18 X 18" x 0.032" Aluminum Panel 
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the panel equivalent atlffneaa may be given 


as 


K' 


‘fix 


Substituting Equations (4.15) snd (4.16) Into the lost oquotlon. tbs 
equivalent panel atiffneas la given by 


K' - 76.9 ^ 


(4.17) 


The panel equivalent maaa may be found by the equation for the 
panel natural frequency, 

u) - 
"n 
so: 


The leaat noiae reduction of the panel occurs at the first 
natural frequency of the panel. Therefore, the damper will be tuned 
to this frequency. The first natural frequency of a square panel 
under clamped edge conditions is given by References 7 and 10 as: 


where : 
m 


03 

n 


[ Eh^ jl/2 

a2 12(1 - v2)5 


rad/ s 


mass of panel per unit area. 


(4.19) 


Equation (4.19) gives for an 18" x 18" x .032" aluminum panel 
a value of 218 rad/sec or 34.7 Hz. However, experimental tests on 
this panel indicated a fundamental resonance frequency of 60 Hz (see 
Figure 2.2). Reasons for this discrepancy are not fully known; but 
part of this is due to the cavity effect of the Beranok tube, which 
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will i.ncrease the stiffness snd the fundsinental resonance frequency 
of the panel. The experimental value of the natural frequency will 
be used In the calculation of the equivalent mass. Substituting 
Equation (4.17) and a value of 60 Hz into Equation (4.18), the 
equivalent panel mass is found to be 


M' 


K* 1 Eh^ 

[60(2ir)]^^^ a2 


(4.20) 


4.3 DESCRIPTION OF THE TUNED DAMPER 

Based on the equations derived in the first part of this chapter, 
optimum values for the damper's stiffnes, damping factor, and mass 
ratio were determined, as well as the corresponding value of the 
transmlsslblllty . The designed damper was tuned to increase the noise 
reduction at the fundamental resonance frequency of a .032" aluminum 
panel (18" x 18" exposed area). Figure 4.3 showed these values as 
functions of the applied mass ratio. Table 4.1 presents numerical 
values for the computed values of the important tuning factors. 

Optimum values for the damping factor as function of the applied 
mass ratio are given in Table 4.1. For viscoelastic materials these 
damping factors are relatively high. Only two materials have been 
found commercially available with damping factors this high. These 
materials are LD-400, manufactured by Leri Corporation, and Aquaplas, 
manufactured by H. L. Blachford Corporation. The properties of 
these two materials are shown in Figures 4.4 and 4.5. These figures 
show that the properties of these materials vary drastically with 
temperature. The temperatures at which the damper will be tested 
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TABLE A. I OPTIMUM TUNINfi PARAMETERS 
FOR A .032" ALUMINUM PANEL 


Panul masa (axposod avoa) * 1,04 lb 

Equivalent maon, M' ■ ,23 lb 

Equivalent stifl'nesa, K* • SA, 7 Ib/ln 


Ratio 

Damper 

Mass 

Spring 

Constant 

Damping 

Factor 

Transmlssibility 

M 

(lb) 

K2 

(lb/ in) 

'^2E(o 

T 

.9 

.025 

7.04 

.289 

3.124 

.8 

.057 

11.48 

.447 

2.183 

.7 

.098 

13.65 

.562 

1.763 

.6 

.150 

13.92 

.691 

1.512 

.5 

.230 

12.7 

.826 

1.342 

.4 

.340 

10.33 

.978 

1.219 


*-4*1 >u.' 






Figure 4.4 Young's Modulus (A-4) and Loss Factor Co-o) 
vs Temperature for "Aquaplas" (Reference 2) 



TmprQtuft 




loung s rtodulus (A-A) and Loss Factor fa- 
vs Temperature for "LD-400" (Reference % 




range from 70 to 80"F. The frequenciaa on which the data from 
Pigurea 4.4 and 4.5 are baaed are approximately the aame for the 
range of fraquenciea of intereat. 

When the optimum atiffneaa values, K2 ■ ^ 2 ^ 201 * Table 4.1, 

are eonvartod to any conventional aolld (block) damper typo, the 
required optimum damper modulua is far below that of any visco- 
elastic damping material available. To obtain the required stiff- 
ness, a ring damper of the type shown in Figure 4.6 will be used. 

By varying the diameter and the thickness, the required stiffness 
can be obtained. From Reference 2 the spring stiffness of a ring 
damper is given as: 

K2 - 6.58 ^ (4.21) 

where : 

E ■ £ 2 ^^ “ stiffness modulus of the damper material 

I ■ cross section area moment of inertia 

R • ring radius 

The ring damper arrangement shown in Figure 4.6 consists of a 
cylindrical strip of damping material, mass, and two nylon screws 
and nuts. Because of the flexibility of the ring damper, a string 
was used to help support the damper mass. The arrangement used is 
obviously not very practical for commercial applications, but it 
does allow obtaining the required damping properties and testing 
the concept of the tuned damper. To verify that the string did 
not affect noticeably the experimental results, a special frame was 
used to clamp the panel to the speaker wall, allowing observation 
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Figure 4.6 Schematic View of Tuned Damper 



observation of the damper daring the preliminary rests. Tests did not 
indicate a noticeable difference in vibration behavlcr, Nylo.i screws 
and nuts were used to connect the damper mass, M2, to the damper, ns 
well as the damper to the panel. The screw used for the at -.achment 
of the damper to the panel was bonded to the panel and secured at 
tlie base by an aluminum washer to cover the head of the screw. Lead 
and steel washers of different mass were used for damper mass. 

Damper diameters varied from 1.5 to 2.5 inches, depending on the 
stiffness required. The width of the entire damper was one inch. 

4.4 EXPERIMENTAL RESULTS 

Tests were performed on a bare .032" thick aluminum panel. Two 
different damping materials were used; i.e., Aquaplas and LD-400, 
having an approximate value of .43 and .8, respectively, for the 
damping factor at room temperature. The dampers were tuned to in- 
crease the noise reduction of the panel around the undamental reso- 
nance frequency. The damper was placed at the center of the panel, 
where the maximum displacement of the panel at the fundamental reso- 
nance frequency is expected to be. According to the theoretical 
analysis, optimum values for the damper stiffness and mass ratio 
corresponding to these damping ratios are 12.8 lb/ in and .8 for the 
Aquaplas damper, and 13 Ib/in and .5 for the LD-400 damper. Test 
series were carried out to check the optimum value and its sensitivity 
to one tuning parameter, while the other parameter was held constant. 
Another objective was to find out the size of possible gain in noise 
reduction by using a tuned damper. 
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Figure 4.7 shows the noise reduction as function of the frequency 
for the bare aluminum panel without the tuned damper. The fundamental 
resonance frequency is located at 58 Hz and has a noise reduction value 
of -3 dB. Appendix D presents the noise reduction curves for all the 
tests with the tuned damper. Figures 4.8 through 4.13 show the in- 
fluence of a damper of LD-400, with a stiffness value of 13 Ib/in, 
on the noise reduction characteristics of the panel for various values 
of the applied mass ratio. As might be expected, these figures indi- 
cate that the damper has its largest effect in the low frequency range 
(<150 Hz) and leave the high frequency region virtually unchanged 
Therefore, measurements in the high frequency region (500-5000 Hz) 
were deleted in later tests. 

As can be seen in Figure 4.9, application of a tuned damper 
with a mass ratio of .785 will dramatically change the low frequency 
characteristics. The first resonance frequency has decreased by 20 Hz 
to 38 Hz. In addition, two other resonance frequencies appeared at 
65 and 95 Hz, respectively. When mass is added to the damper, i.e. 
mass ratio decreases, the following effects occur: 

(1) The first fundamental resonance frequency shifts to a 
lower frequency, and the noise reduction at that frequency 
increases. 

(2) The second dip or resonance frequency also moves to a lower 
frequency, but at a lower pace The noise reduction at 
this frequency starts to decrease from a higher initial 
value than the two other minima. 
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Figure 4.12: 

Noise Reduction Characteristics 
of a .032" Aluminun Panel with an 
"LD-400" Tuned Damper (K2 « 13 
Ibf/in and y « .58) 
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Figure 4.13: 

Noise Reduction Characteristics of 
a .032" Aluminum Panel with an 
"LD-400" Tuned Damper (K2 ■ 13 
Ibf/in and u ■ .48) 
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(3) The third resonance frequency decreases slightly when 

the mass ratio decreases but does not increase noticeably 

in noise reduction. 

According to theory, optimum working of the damper will occur when 
the magnitudes of these resonances are equal. The influence of vary- 
ing the mass ratio on the noise reduction characteristics of the 
panel/ tuned damper combination is displayed more graphically in the 
upper part of Figure 4.14. Only the data points for the primary and 
secondary minima are given for a wide range of mass ratios. Some of 
the teats were repeated, and the variance between these tests was in 
general less than 2 dB. A value of one for the mass ratio corresponds 
with the bare panel without the damper. With decreasing mass ratio 
the noise reduction at the fundamental resonance frequency increases, 
while the secondary minimum decreases in value. An optimal value for 
W is reached around .68 when the three minima are almost equal in value 
and the noise reduction over a wide range of frequencies is larger or 
equal to 5 dB (see also Figure 4.10). Compared to the bare panel, this 
is a gain of almost 8 dB over the minimum value of the original reso- 
nance frequency at 58 Hz. '•Optimal" is used here in the context of a 
wide range of frequencies of interest. However, when the noise reduc- 
tion of only a single frequency is important (e.g., the first propeller 
harmonic or, in this case, 58 Hz), only a slight increase in mass 
would be sufficient to get an increase in noise reduction at the de- 
sired frequency. It is recommended to conduct additional tests at a 
representative value of a first propeller harmonic to investigate this 
with the effects of the panel/cavity resonance frequency isolated. 
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Figure 4.14 Influence of Mass Ratio on Noise Reduction Characteristics 
of a .032” Aluminum Panel with an "LD-400” Tuned Damper 
(K2 - 13 Ibf/ln) 


If. will then also be important to determine the optimum location of 
the damper at a tuned frequency other than the fundamental resonance 
frequency. 

When the mass ratio decreases more, the value of the noise re- 
duction at the first resonance increases, until it reaches a certain 
maximum equal at the surrounding values. The second dip at about 
60 Hz decreases more in value and returns cowards its original value 
(Figures 4-11-4.12). At these high values of the damper mass (low 
u's), the effect of the bending of the mass on the effective form 
of the ring becomes more severe. 

The lower graph of Figure 4.14 shows the influence of the applied 
mass ratio on Che resonance frequencies. Because of the addition of 
mass, these frequencies decrease with decreasing mass ratio. The 
increase experienced in the noise reduction at the fundamental reso- 
nance frequency Indicates that not the mass addition by the damper but 
Che Increased damping is Che main driver behind the tuned damper con- 
cept. 

Using the experimentally determined "optimum" value for the mass 
ratio, tests were conducted with varying values of the damper stiff- 
ness to determine the effect of the damper stiffness. Figure 4.15 
presents Che results of these series of tests. The damper stiffness 
varied between 8 through 32 Ibf/in. It can be seen that over a 
relatively large range of K2, 13-21 Ibf/in, the noise reduction 
values of the two resonances are within 2 dB. Below and above this 
range the first resonance decreases in value, while noise reduction 
at the second resonance around 60 Hz increases. The lower graph of 
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Figure 4.15 Influence of Damper Stiffness on Noise Reduction 
Characteristics of a .032" Aluminum Panel with an 
"LD-400" Tuned Damper (u ■ .68) 

















Pltura 4.14 raprasanta tha ralationahlp of tha poaltlon of both minima 
or raaonancas aa function of the applied damper atlffneaa. 

Aquaplaa haa. compared to bD~400. a higher K-mod»lue (l.OxK)'* va. 
.7x10 at 75'’F). Aa a ruault the required optimal ring diameter will 
be larger according to Equation 4.21 when other thlnga are equal. A 
largo ring dlaraetar will, howevor, whan combined with a large damper 
maaa, Influence dotrlrauntally the optimum form and working of the dumper, 
due to the relatively largo bending arm of the raaaa. A smaller ring 
diameter can also be obtained by a amaller Inertia moment, l.o. a 
smaller thickness or width. Because Aquaplaa Is normally not available 

thinner than the .05" used, a ring width of .5" was used instead of the 
1 ’ used in the other tests. 

In extended testa with the Aquaplaa dampers, no noticeable in- 
fluence of the damper was observed at the theoretical optimum value 
of the damper stiffness. K2 - 12.8 Ibf/in; see also Figures 4.16-4.17. 

In particular with high damper mass values, the ring damper became 
noticeably deformed. When the ring damper stiffness was Increased to 
a relatively high value, the behavior of the ring damper became more 
beneticial. Figure 4.18 shows this behavior of the Aquaplaa damper 
at a value of 46 Ibf/in for the stiffness as function of the applied 
mass ratio. The same effects which were described for the LD-400 
damper were again observed with this high K2 value for the Aquaplas 
damper. With increasing application of damper mass, the first funda- 
mental resonance frequency shifted to a lower frequency, and noise 
reduction increased. The second main minimum also shifted to a lower 
frequency, but the noise reduction corresponding to this resonance 


68 


t-;S 




Figure 4.16: 

Noise Reduction Characteristic 
of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper 
(K2 ■ 12.8 Ibf/in and u « .785 
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Figure 4.18 Ivifluence of Mass Ratio on Noise Reduction Characteristics | 

of a .032” Aluminum Panel with an "Aquaplas" Tuned Dnmper 
(K2 - 46 Ibf/in) 
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now decreased In value. The value of the mass ratio, for which both 
minima have the same size, lies around .71 U also Figure 4.19). 

Che corresponding gain in noise reduction, compared to the bare panel, 
la 9 dB. The bottom graph of Figure 4.18 shows the relationship between 
applied mass ratio and the resonance frequencies. Figure 4.20 shows 
Che relationship between the noise reduction at the two resonances with 
varying values of the applied damper stiffness, when the mass ratio is 
kept constant at a value of .71. This graph shows that only at rela- 
tively high damper stiffness values does noise reduction at the sec- 
ondary minimum (around 58 Hz) increase in size and approach the 
magnitude of the primary resonance. Unlike the LD-400 dampers these 
results Indicate no clear optimum range of values for the damper 
stiffness. 


^ ^ discussion, co nclusions and RECQMME NTlATTnMg 

In this chapter the application of dynamic absorber or tuned 
damper was investigated as a way to increase the damping properties 
of an aircraft panel in a certain frequency range, lie scope of this 
investigation was limited to a standard .032" aluminum panel and to 
the first fundamental resonance frequency at 58 Hz. Using the theory 
developed by Snowdon in Reference 9 for a dynamic absorber, the 
parameters responsible for an optimal working of the damper were 
identified and computed for this panel and frequency (Figure 4.3). 
These parameters are :he applied mass of the damper or the mass 
ratio, the stiffness of the damper and the damping factor of the 
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Figure 4.19 Noise Reduction Characteristics of a .032" Aluminum Panel with an "Aquaplas" Tuned Damper 
(K2 = At Ibf/in and n = .71) 

















damper material. No attempt was made to Include the influence of the 
location of the damper and of higher modes. 

Experimental teats ware conducted to test the validity of the 
theory and to investigate the possible gain in noise reduction by the 
damper. The damper was made as a ring damper in order to achieve 
the required range of stiffnesses. The experiments were carried out 
for two different kinds of viscoelastic damping materials; LD-400 
and Aquaplas. 

Results of the t jsts with the LD-400 dampers indicated a positive 
Influence by the damper, reflected in a shift of the fundamental reso- 
nance to a lower value and an increase of noise reduction over a wide 
range of frequencies due to the increase of damping. These tests 
confirmed the presence of two resonances, one at each side of the 
tuned frequency, predicted by the theory. Only one, however, was 
active and Increased in size with decreasing damper mass applied. 

The other remained constant. Results indicated also that when 
all three resonances had equal magnitude, noise reduction was optimal 
over a wide range of frequencies around the tuned frequency. The 
corresponding value of the mass ratio (.68) did not, however, corre- 
spond with the value predicted by the theory: .5; and it was also 

not the optimum value of the noise reduction at 58 Hz, the original 
fundamental resonance frequency. 

Results with the Aquaplas damper, having a lower damping factor 
than LD-400, did not show a beneficial effect of the damper at the 
predicted value of the damper stiffness. Only at much higher values 
of the damper stiffneis did the beneficial influence appear. Again 
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the optimum experimental value of the mass ratio, at which according 
to theory the tranamiaaion T would be minimal— at equal magnitudea of 
the outside resonancea—dif feted from the value of m for which noise 
reduction at 58 Hz was optimal. 

The large discrepancy between predicted and experimental values 
of the damper stiffness for the Aquaplaa damper can partly be explained 
by the experienced behavior of these dampers at these low stiffness 
values in particular, with high damper mass. Due to the larger re- 
quired ring diameter, bending of the ring by the mass disturbed 
severely the effective form of the ring. The LD-400 dampers were 
smaller and thicker than the Aquaplas dampers, and leas severe 
bending occurred. However, some tests conducted with an LD-400 
damper and a stiffness of 46 Ib/in did not result in an optimal 
noise reduction at normal values of the mass ratio. 

In the theoretical analysis, average values of the damping 
factor and of the material stiffness were taken from Air Force and 
manufacturer's data at 75*F (Reference 2). Because it is not possible 
in the KU-FRL facility to conduct tests at other than the current 
room temperature, some variations in properties have occurred. During 
the tests, actual temperatures varied between 72 and 78 degrees Fahren- 
heit. The results should be judged in this context because actual 
temperatures in the flight condition will also be different. Figure 
4.21 shows essentially the same relationship between noise reduction 
at the first two resonances for both kinds of dampers as do Figures 
4.13 and 4.18, but now as function of the applied damper mass as well 
as of percentage of panel weight. "Optimum" values are, for both 
dampers, about 9 % of the panel mass. 
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Based on che results and the experiences during the tests, the 
following conclusions can be drawn: 

- It is possible to Increase the total damping and noise reduction 
of a panel over a wide range of frequencies by the use of a tuned 
damper . 

- Dependent on the definition of optimal performan 2 by a tuned 
damper, application of a damper will increase noise reduction at the 
frequency of interest by at least 8 dB in the case of an LD-400 
damper and 9 dB for an Aquaplas damper. When only a particular fre- 
quency is of interest, the results suggest a higher possible gain 

at a lower damper mass than when an increase in a wide range is 
desired. 

- The developed theory did not clearly predict the effect of 
the tuning parameters on the optimal performance of a tuned ring 
damper. 

- The ring damper itself, despite its simple form, is not very 
suitable for application in an aircraft environment. Bending of 
the ring by the damper mass will cause deformation of the effective 
form of the ring damper. 

It is recommended that in future research, the use of other 
types of dampers—better suited in handling bending and creep of 
the material — be studied. To understand better the behavior of a 
tuned damper, it is also recommended to expand experimental tests 
with measurements of the effective damping of the panel with the 
help of accelerometers at the location of the damper. To study 
the effect of the damper at a particular frequency of interest, the 


77 


Influonca of higher mode, and Che loeaclon of the damper(a) have to 
be atudled. The reauUa of thla Halted program alao Indleate chat 
more theoretical analyala la needed and that the Influence of temper 
oture and material atlffneaa have to be Included. 
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APPENDIX A 


LISTING OF COMPUTER PR0G1L\M mM P 

ThU program calculacoa tha tlaaural rigidity matrU olomanta DIJ 
and tha natural Craquoncy of a 3-lnyor Inmlnotod panul. 
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PRQQRAh CQhP 


TYPE NATURrtU FREQUENCY PROGRAM' 

TYPE *• 'PANEL C0NC1BT3 OF 3 LAYERS OF THE SAME THICKNE20' 

5!?pIt“?5%e?rS?%J?'tu“''"®’ ‘ f'3I.IN,DE0REE3 ) 


1 

21 


NUMtiER' 

ACCEPT »rIN 
PRINT I, IN 

PO^’MST^SXrlSHPANEL NUMBER « ,13) 

PR 4 NT 21 

F^RMAT<Tn,3HEU,T24,3HEa2,T3S,3HOia,T48,3HVl2,T5A,3HTHE) 

INPUT MATERIAL PROPERTIES OP TOP LAYER 


TYPE ' ' 

TYPE »,'T0P LAYER' 

QA22«aaaN 

aA12a0i2N 

QA6&aQA6N 

QA16>Q16N 

QA26«a26N 


INPUT MATERIAL PROPERTIES MIDDLE LAYER 


TYPE ' 

TYPE «» 'MIDDLE LAYER' 
0B22aQ22N 


nB12>Qt2N 

RB66nQ66N 

QBlAa016N 

QB2A>Q26N 


INPUT MATERIAL PROPERTIES BOTTOM LAYER 


TYPE 

TYPE 

CALL 

Qcn 

OC22- 

OC12 

QC66 

QCU 

0C2A« 


»» 'BOTTOM LAYER' 

enter <tmN,Q22N,012N,Q66N,Q UN, 026N»S) 

01 X N 
Q22N 
>012N 
066N 
OUN 
026N 


INPUT CHARACTERISTIC PROPERTIES OF PANEL 

ACCEPT ’*!th^'’ f‘''NtL' 

TH«TH».02S4 

accept’ if SURFACE DENSITY OF PANEL' 
RHO-RHOt.ASSAPt ,0254)**2 
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c 
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UOMPUTATION OF EUttttNTO OF "0* MATRIX 


A»iO^Ol 23 
,003006 
C» A 


D22-AJTH*$3»QA2240*THM3IUD2^ 

p66«A$TH**3«QA66+b$THt#3*lU<66fCITH»*3*aC66 
pU«A*TH*»3»0A16 + D*rH**3*ara6 + C*TH*4t3»QC16 
D26«A*rH»#3»0A26rEi«TH**3*QIO6 + CfTH?*3#QC26 


•tYPK ^ 

ttlMENSlQNU OF EXPQSEn AREA»4 AND b' 

ACCEPT KfAiB 

A>A».0SS4 

B-B«.02S4 

CALCULATION OK NATURAL F.,EQUENCY 


SIMPLY SUPPORTED BOUNDARY CONDITION 
TYPE 3 

SIMPLY SUPPORTED EDGES) 

DO 20 M-l>3 
DO 20 N«ltS 


PI-3. 141592434 

Ai BOUNDARY COEFFICIENTS 

Al-MtPl 

A2-<MPN*P1*PX)*»2 

A3-NBPI 


C 


10 


C 

C 

C 


20 
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C 
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FREQ « f^E0(Dll.D22.D12. 066.11. N.RH0.A.B.A1.A2.A3) 

PRINT lO.H.N.FREQ 

TYPe''io?mIn?FREo'“’®’'’^“'^ " .n.SX.17HNAT FREQUENCY - .PIO.T' 
PONTINUE 

CLAMPED BOUNDARY CONDITION 

TYPE «. ' ' 

TYPE ’7 

PI’EQlJt-NCY FOR CLAMPED EDGES ) 


DO 30 M-l.n 
DO 30 N-1.3 

IF(N.NE.l) 00 TO 23 
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noo o noo o o n 


lF(h*NI;a) 00 TO 30 

A)l<«4«730 

A2xl51»3 

00 TO 40 

30 A1«((H«»)«PZ 

A3-4.730 

A2-12*30«Al«(Al-2.) 

00 TO 40 

29 Zr<H«N£a> 00 TO 39 
Al"4«730 
A3*<N+t9)*PI 
A2«12*30«A3«(A3-2*) 

00 TO 40 

39 AX-<H+.9)#PT 
A3«(N4*9)»PX 

A2»Al«A31t(Al'-2. )»( A3-2. ) 

40 PREQ»FEQ<0UfD22fD12fD669H»NiRH0pA»Bf AifA: « > 

PRINT lOfHfNfC-REQ 
TYPE lOtMfNfFREQ 
90 CONTINUE 

PRINT ELEMENTS OF "D* MATRIX 
300 PRINT 19 

19 F0RNAT(/T7t3HDllfT17f3HD22fT27f3HD12»T37»3HD269T47t3HD16f 
lT97f3HD66> 

PRINT 16»DllfD12rD16 
PRINT 179D22rD24fIi66 

16 FORMAT </4X»3<F7 *2 »10X>) 

1 7 FORMAT ( 19X » 3 ( F7 • 2 9 lOX ) > 

TYPE *9 'MORE PANELS? YES-1' 

ACCEPT «fJ 
IF<J.EQa) 00 TO 2 
STOP 
END 

FUNCTION FEQ(U9X9Y9Z9l9 J 9 R 9 F 9 O 9 BI 9 B 29 D 39 C) 

COMPUTATION OF Fmtn 
PI«3a419926S4 

FEQ-8QRT< (W*<Bl/F)t»4+2«<Y+2«2)<{B2/<F*r*G»G) + (B3/0 ) «t4«X ) /R > 
FEQ«FEQ/<2»PI) 

END 

SUBROUTINE ENTER(U9X9 Y 9 Z 9 U 9 V 9 S) 

INPUT MATERIAL PROPERTIES OF LAYER 

TYPE * 9 'ENTER Ell' 

ACCEPT «9EU 
TYPE * 9 'ENTER E22' 

ACCEPT «9E22 
TYPE «9 'ENTER 012' 

ACCEPT «9012 
TYPE $9 'ENTER M12' 

ACCEPT 1 K 9 UI 2 
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non o non non 
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TYPE «t'ENTEf< rtNOLE' 
ACCEPT *tTHE 
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EUaClllAa94. 

E22«E22«6e94. 

012«012t6e94. 
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PX-3. 141892484 
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Aal-V12«V21 


STIFFNESS MATRIX Q 

QlIaEU/A 

Q22«E22/A 

QI2aV12$Q22 
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TRANSFORM Q MATRIX TO NEW AXES SYSTEM ALONG PLATE-AXES 

Ula(3»QU43«Q22'4-2«ai244«Q64>/8. 

U2-(QU-Q22>/'2. 

U3-<Qll+Q22-2«Q12-4«C)64>/8. 

U4a(Qlt4-Q22f4«Q12-4«Q46)/8. 

U8«(QU4Q22-2X(U244»CI66>/S. 


UaU14U2«C0S(2«PHI>4U3«C0S<4«PHI> 
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Y-U4-U3»C0S(4«PHI> 

ZaUS-U3«C0S(4«PHI ) 

U—tU2/2. )*S1N<2*PH1)-U3«81N<4*PHI ) 
W«-<U2/2.J*SIN<2*PHn+U3*SIN<4*PHl> 

PRINT MATERIAL PROPERTIES OF LAYER (METRIC UNITS) 

PRINT 22>E11 >E22>G12>U12>THE 
22 F0RMAT<SXr3(3X»E10.3> »4XiF4.2>4X>F4.2) 

RETURN 

END 


84 


1 

M 


. .. ^ 

1 ■ ; 




APPENDIX B 

EXPERIMENTAL NOISE REDUCTION DATA FOR 
FIBER-REINFORCED COMPOSITE PANELS 





Figure B.l Moise Reduction Characteristics of a Graphite-Epoxy 
Panel with Ply* Orientation 45-0'^-45 
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Figure B.3 Noise Reduction Characteristics of a Graphite-Epoxy 
Panel with Ply Orientation 45-0-A5 
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Figure B.4 Noise Reduction Characteristics of a Graphite-Epoxy 
Panel with Ply Orientation 0-45-0 
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Figure B.5 Noise Reduction Characteristics of a Graphite-Epoxy 
Panel with Ply Orientation 45-0-45 and 1 Stiffener 
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Figure B.7 Noise Reduction Characteristics of a Kevlar Panel 
with Ply Orientation 0-0-0 
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Figure B.8 Noise Reduction Characteristics of a Kevlar Panel 
with Ply Orientation A5-0-45 
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Noise Reduction Characteristics 
with Ply-Orientation 0-45-0 


of a Kevlar Panel 
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Figure B.IO Noise Reduction Characteristics of a Kevlar Panel 
with Ply Orientation 45-0-45 and 1 Stiffener 
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Figure B.ll Noiee Reduction Characteristics of a Kevlar Panel 
with Ply Orientation 45-0-45 and 2 Stiffeners 
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APPENDIX C 

EXPERIMENTAL NOISE REDUCTION DATA FOR 
INTERNAL PANEL CONFIGURATIONS 
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Figure C.5 Noise Reduction Characteristics of a Sandwich Panel 
with a .25" Klege-Cell Type 75 Core and 1 Layer of 
Type A Fiberglass on Both Sides with No Treatment 
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Figure C.6 Noise Reduction Characteristics of a Sandwich Panel with 
a .25" Klege-Cell Type 75 Core and 1 Layer of Type A 
Fiberglass on Both Sides and a .125" Neoprene and Woolen 
i Covering as Treatment 
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Figure C.7 Noise Reduction Characteristics of a Sandwich Panel 
with a .125" Klege-Cell Type 75 Core and 1 Layer of 
Type A Fiberglass on Both Sides and with No Treatment 
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Figure C.9 Noise Reduction Characteristics of a Sandwich Panel 
with a .125" Klege-Cell Type 75 Core and 1 Layer of 
Type A Fiberglass on Both Sides and Carpet as Treatment 


109 






FREQUENCY Ha j 

Figure C.IO Noise Reduction Characteristics of a Sandwich Panel with 
a .125” Klege-Cell Type 75 Core and 1 Layer of Type A 
Fiberglass on Both Sides and .5” Foaoi and Leather 
Covering i 
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Figure C.ll Noise Reduction Characteristics of a .032” Aluminum 
Panel with Klege-Flex Type A5 as Treatment 
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Figure C.12 Noise Reduction Characteristics of a .032'* Aluminum 
Panel with SJ2025xl005 Damping Tape as Treatment 



112 




NOISE REDUCTION 



FREQUENCY — * H* 

Figure C.13 Noise Reduction Chaiacteriatica of a Sandwich Panel 

with a .25" Rohacell Cote and 1 Layer of 120 Phenolic 
Pre-Preg Skin on Both Sides and No Treatment 
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NOISE REDUCTION 
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NOISE REDUCTION 
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Figure C.17 Noise Reduction Characteristics of a Sandwich Panel with 

a .125" Rohacell Core and 1 Layer of 120 Phenolic Pre-Preg 

Skin on Both Sides and .020" Royalite as Treatment 
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Figure C.18 Noise Reduction Characteristics of a Sandwich Panel with 

a .125” Rohacell Core with 1 Layer of 120 Phenolic Pre-Preg 
Skin on Both Sides and Carpet as Treatment 
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Figure C.19 


Noise Reduction Characteristics of a Sandwich Panel with 
a .125" RohScell Core with* 1 Layer of 120 Phenolic Pre- 
Preg Skin on Both Sides and .25" Neoprene + Leather 
Covering as Treatment 
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Figure C.22 Noise Reduction Characteristics of a Sandwich Panel with 
a .25" Rohacell Core and 2 Layers of 120 Phenolic Pre- 
Preg Skin on Both Sides and No Treatment 
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APPENDIX D 

EXPERIMENTAL NOISE REDUCTION DATA 


FOR TUNED DAMPER TESTS 





Figure D.l Noise Reduction Characteristics of a .032” Aluminum Panel with- 
out a Tuned Damper. 



Figure D.2 Noise Reduction Characteristics of a .032” Aluminum Panel with 
an ”LD-400” Tuned Damper; u ■ .48 and K-2 ■ 13 Ibf/in. 
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Figure D.7 Noise Reduction Characteristics of a .032" Al'jminum Panel with 
an "LD-400" Tuned Damper; u ■ .68 and K2 • 13 Ibf/in. 
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Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "LD-400" Tuned Damper; p - .647 and K2 - 13 Ibf/in. 


Figure D.8 







FREQUENCY •— H« 


Figure D.ll Noise Reduction Characteristics of a .032*' Aluminum Panel with 
an "LD-AOO" Tuned Damper; w - .785 and K2 - 13 Ibf/in. 



FREQUENCY — Ha 


Figure D.12 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "LD-400" Tuned Damper; u “ .93 and K2 ■ 13 Ibf/in. 









Figure D.14 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "LD-400" Tuned Damper; u ■ ,68 and K2 ■ 8 Ibf/in. 
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Figure D.15 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "LD-400" Tuned Damper; u * .68 and K2 » 8 Ibf/in. 
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Figure D.18 Noise Reduction Characteristics of a .032** Aluminum Panel with 
an **LD-400** Tuned Damper; y • ^8 and K2 * 17 Ibf/in. 
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Figure D.19 Noise Reduction Characteristics of a .032** Aluminum Panel with 
an '*LD-400** Tuned Damper; y * .68 and K2 ■ 17 Ibf/in. 
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Figure D.20 Noise Reduction Characteristics of a n-» 9 *» ai j « 

an "t-n-Aon" “‘•“^‘•‘sriscics ot a .032 Aluminum Panel wit 

an LD-400 Tuned Damper; w - .68 and K2 - 21 Ibf/in. 
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Figure D.21 Noise Reduction Characteristics of a at ^ « , 

an ”LD-4nn" ot a .032 Aluminum Panel wil 

an LD 400 Tuned Damper; m - .68 and K2 - 21 Ibf/in 
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Figure D.30 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; y ■ .58 and K2 - 46 Ibf/in. 
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Figure 0.31 


Noise Reduction Characteristics of a .032" Alviminum Panel with 
an "Aquaplas" Tuned Damper; u ■ .58 and K2 • 46 Ibf/in. 
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Figure D.32 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; u " .64 and K2 ■ 46 Ibf/ln. 
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Figure D.33 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; u ■ .647 and K2 ■ 46 Ibf/in. 






Figure D.34 Noise Reduction Characteristics of a .032" Aluminim Panel with 
an "Aquaplas" Tuned Damper; y • .71 and K2 « 46 Ibf/in. 



Figure D.35 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; y - .71 and K2 - 46 Ibf/in. 
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Figure Dt36 Noise Reduction Chececterlstlcs of a <032" Alumlnuni Panel with 
an "Aquaplas" Tuned Damper; u - .75 and K2 - 46 Ibf/in. 
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Figure D.37 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; m ■ .77 and K2 ■ 46 Ibf/in. 
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Figure D.38 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; u ■ .785 and K2 ■ 46 Ibf/in. 
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Figure D.39 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; m - .81 and K2 - 46 Ibf/in. 





Figure D.40 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; u “ .71 and K2 ■ 25 Ibf/in. 
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Figure D.42 Noise Reduction Caaracterlstlcs o£ a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; u ■ .71 and K2 ■ 32 Ibf/in. 
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Figure D.43 Noise Reduction Characteristics of a .032" Alumlnlm Panel with 
an "Aquaplas" Tuned’ Damper; u ■ .71 and K2 ■ 32 Ibf/ln. 
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FREQUENCY — Hat 

46 Noise Reduction Characteristics of a .032" Aluminum Panel with 
an "Aquaplas" Tuned Damper; w ■ .71 and K2 • 63.5 Ibf/in. 
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Figure D.47 Noise Reduction Characteristics of a .Q32" Aluminum Panel with 
an "Aquaplas" Tuned Damper; u • .71 and K2 - 75 Ibf/in. 




